Subeeilular Fractionation and Pumification of Chloroplasts. Partial trypsin digestion ofthe pellicle followed by mild mechanical disruption of Euglena ceUs and subcellular frationation by differential centifugation were conducted according to Shigeoka et al. (19).
In Euglena gracilis the physiological function of Cbl2 has not been well understood, although Cbl is essential for growth, is rapidly accumulated in the celLs (2, 18) and is converted to coenzyme forms in this organism (8) . Euglena cels, when grown on a CN-Cbl-limited medium (below 50 ng CN-CbL-1), show increases in chloroplast number and concomitant increases in cell components such as Chl, protein, RNA and DNA (3, 9); CN-Cbl-limited cells return to the normal state within 24 h after raising the CN-Cbl level to normal (2) .
Although plants and yeasts had not been thought to require
Cbl for growth, Phaseolus vulgars has an Ado-Cbl-dependent enzyme (leucine 2,3-aminomutase [14] ), extracts of Solanum tuberosum contain endogenous activities of two coenzyme Cbldependent enzymes (leucine 2,3-aminomutase and methylmalonyl-CoA mutase [15] ) and two cobalamin-dependent enzyme systems have been found in Candida utilis (Me-Cbl dependent methionine biosynthesis and leucine 2,3-aminomutase [16] Ferricyanide-dependent 02 evolution by isolated chloroplasts was estimated according to Lilley et al. (10) . The MV-Hill and DCIPH2-MV photoreduction reactions were measured basically according to Epel and Neumann (6) .
Enzyme Assays. The activity of RuBPC (EC 4.1.1.39) was measured according to Rabinowitz et al. (17) . GAPDH was assayed according to Velick (20) .
Chl and protein were determined by the methods of Mackinney (12) and Lowry et al. (1 1), respectively.
RESULTS
Effects of Growth, Cbl, and Light on Photosynthetic Activity. Ag L-') Cbl, indicating that the amount of Cbl required for normal growth was ten times as much as that required for normal photosynthetic activity. Figure 3 shows effect of light intensity on the photosynthetic activity under Cbl-sufficient and -limited conditions in the darkand light-precultured cells. The light saturation point for the activity was 10,000 lux both in Cbl-sufficient and -limited cells. The thetic activity was not restored and after cell division ceased the activity was restored, indicating that E. gracilis requires Cbl for normal photosynthesis independently of cell division. Figure 5 shows the effect on the photosynthetic activity after supplementing 4 (8) . The lag observed in the recovery of photosynthetic activity after addition of methionine might be due to a number of factors. One is that methionine may be taken up poorly by chloroplasts. Another is that the amino acid is preferentially utilized in protein synthesis and methylation unrelated to photosynthesis. Still another possibility is that a long time is necessary for the synthesis and turnover of components related to photosynthetic activity.
The activities of the enzymes related to the Calvin cycle were more than sufficient to support net photosynthetic activity in Thus, Euglena PSI appears to act as a limiting step in photosynthesis during Cbl deficiency. In normal higher plants, the ratelimiting step of photosynthesis is not RuBPC, under the best conditions at least, while in green algae, one of the rate-limiting steps is this enzyme (21) . Since the effect of Cbl supplement on the photosynthetic activity of the Cbl-limited cells is similar to the methionine supplementation, reduction of PSI activity may be due to a deficiency of methionine in the chloroplasts, which is synthesized by a Cbl-dependent system. Quinones related to the electron transport system of chloroplasts consist of plastoquinone, phyloquinone, and tocopherol quinone (7) . These compounds contain some methyl groups which are transferred from S-adenosylmethionine. Baszynski (1) has reported that PSI activity lost by heptane treatment of spinach chloroplasts is completely restored by the addition of atocopherol, suggesting that a-tocopherol functions as an essential component in electron transport of PSI or as a stabilizer of PSI. In Cbl-limited Euglena cells, the contents of a-tocopherol and a-tocopherol quinone are reduced, compared with those in Cblsufficient cells (Y Isegawa, Y Nakano, S Kitaoka unpublished data). So it is suggested that the deficiency of methionine causes the a lowered synthesis ofthese quinones resulting in the decrease of PSI activity.
